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Introduction 
The molecule-based magnet has been attracted wide attention for the potential applications as sensor, memory, 
chemical switch, and quantum computing.[1] A material showing a reversible magnetic change in response to 
chemical stimuli (solvents or gases) is desirable in both fields of metal-organic frameworks/porous coordination 
polymers (MOFs/PCPs) and molecule-based magnets. Meanwhile, a change in the intrinsic spin state in MOF 
inevitably brings a significant change in its magnetic behavior. So, the electronic state modulation (ESM) in an 
electronically-correlated coordination lattice is an efficient strategy to obtain materials showing a drastic change 
in their magnetism, which will be realized via the dynamic control of intra-lattice electron transfer/charge transfer 
in response to external stimuli. In order to obtain such “charge-flexible magnets”, we have focused on a class of 
donor/-acceptor MOF (D/A-MOF) comprising from carboxylate-bridged paddlewheel-type diruthenium(II,II) 
complex ([Ru2II,II]) as an electron donor (D, Fig. 1a) and 7,7,8,8-tetracyano-p-quinodimethane (TCNQ) as an 
electron acceptor (A, Fig. 1a) with a two-dimensional (2D) layered structure of D2A composition. These D/A-
MOFs demonstrate four distinct types of electronic states[2] (Fig. 1b): neutral state (N; D02A0), one-electron 
transferred state (1e-I; D0.5+2A–), two-electron transferred state (2e-I; D+2A2–), and partially electron transferred 
state (1.5e-I; D0.75+2A1.5–). Furthermore, the void space is existing between the layers, which is a great advantage 
for the accommodation of guest molecule. And hence, we strongly anticipate the utilization of such space as a 
powerful tool to control the electronic states of D/A-MOFs by chemical stimuli, resulting in the switch of the 
magnetic properties. In this thesis, I will discuss several examples of reversible magnetic changes closely 
associated with ESM, as well as structural modifications realized by guest insertion/removal cycles. 
Fig. 1 Schematic representations of (a) the redox reactions of [Ru2] complex and TCNQ moiety, (b) different 
electronic states in 2D layered D/A-MOFs. 
Result and Discussion 
The first reversible magnetic switch through ESM by solvation/desolvation cycles of the solvent vapor as a 
chemical stimulus was demonstrated in the compound [{Ru2(2,3,5-Cl3PhCO2)4}2(TCNQMe2)]·4DCM (1). The 
solvated phase 1 had a 1e-I state with long-range ferrimagnetic ordering at Tc = 101 K (Fig. 2a). While the 
electronic state of desolvated phase (1-dry) thermally fluctuated and eventually provided a 1.5e-I state with the Tc 
of 34 K (Fig. 2a). A large Tc variation with Tc ≈ 70 K was reversible. This switching was achieved by ESM 
associated with subtle structural modifications in solvation/desolvation treatment.[3] Meanwhile, another 
compound [{Ru2(m-FPhCO2)4}2TCNQ(OMe)2]·nDCE (3-nDCE) undergoes drastic charge-ordered state 
variations via three distinct states of 2e-I state for 3-4DCE, 1.5e-I state for 3-nDCE (n ≤ 1), and 1e-I state for 3 
depending on the degree of solvation. Resolvations from 3 only stabilize 3-DCE, allowing ESM between 1.5e-I 
and 1e-I, as well as the change in ferrimagnetic Tc between 30 K and 88 K, respectively (Fig. 2b). Theoretical 
calculations indicated that the hydrogen-bond between host framework and crystallization solvent suppresses an 
electron-donation ability of D unit, and hence, 1e-I state was stabilized in 3-DCE while 1.5e-I state was realized 
in 3.[2] However, the achieved magnetic change still remains unsatisfactory because they are just the variation in 
Tc, and not a change of magnetic phase. In this regards, the first multiple switches of magnetic phases were 
successfully achieved in [{Ru2(2,4-F2PhCO2)4}2TCNQ(OEt)2] (4), which shows charge transfer from {Ru2II,II} 
units to TCNQ(OEt)2 moiety depending on the solvents and temperature. The regulation of charge states and 
interlayer translational distances upon solvent accommodation enables the multiple switches of magnetic phases 
between paramagnet and ferrimagnet/antiferromagnet depending on the solvent species with phase transition 
temperature up to 92 K. 
Magnetic phases switch by not only solvents but also common ubiquitous gases such as oxygen (O2), nitrogen 
(N2), and carbon dioxide (CO2) is highly desired. Successful ESM by gas sorption was attained in [{Ru2(2,4,6-
F3PhCO2)4}2TCNQ(OEt)2] (5). The compound 5 has a 1e-I form of [D–A––D+]∞, producing layer-structured 
ferrimagnet with a phase transition temperature of 110 K (Fig. 3a). When CO2 gas was adsorbed, 5 undergoes a 
structural phase transition involving an intra-lattice electron-transfer from A− to D+ to derive a paramagnetic N 
form of [D–A–D]∞ without magnetic phase transition due to the presence of diamagnetic A unit (Fig. 2c). Such 
drastic change in the bulk-magnetization as a result of electron-transfer may be similar behavior to photo-induced 
magnetization, though, in this case, bulk-magnetization is switched in response to a chemical stimulus of 
ubiquitous CO2 gas. The electronic conductivity and permittivity are also affected by this CO2-induced ESM. In 
addition, such gas-adsorption induced magnetic phase switch was also achieved in the other frameworks. 
Compound 3 turned into antiferromagnet upon paramagnetic O2 gas adsorption while it remained as ferrimagnet 
upon CO2 gas adsorption. ESM in 4 was also realized by ubiquitous CO2 gas to generate the long-range 
antiferromagnetic order.  
Until now, several mechanisms were utilized to switch magnetic ordering by chemical stimuli. In this thesis, 
we discovered a new mechanism −ESM− to control the magnetism. Through electronic states modulation, the 
magnetic change is not only huge and drastic but also suitable for all the chemical species. These results provide 
an insight into the molecular magnets and promote the furthering development of stimuli-responsive materials. 
Fig. 2 (a) Field-cooled magnetization (FCM) curves measured at 100 Oe for 1 (blue) and 1-dry (red); (b) FCM 
curves in an applied dc field of 100 Oe for 3-4DCE (blue), 3-nDCE (green), and 3 (red); (c) FCM curves in an 
applied dc field of 100 Oe for 5 under vacuum (black) and 5 under a 100 kPa of CO2 (blue). 
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